Objective: To describe the prevalence and referred pain area of trigger points (TrPs) in blue-collar (manual) and white-collar (office) workers, and to analyze if the referred pain pattern elicited from TrPs completely reproduces the overall spontaneous pain pattern.
I
t is estimated that 70% of the adult population in the western world experience arm pain symptoms at some time during their life. 1, 2 The point prevalence estimate ranges between 7% and 26%. 3 In modern societies, musculoskeletal disorders represent the majority of occupational illnesses and arm pain is second only to back pain as a cause of work-related illness. 4 In general, prevalence rates are higher in individuals who are workers than among the nonworking general population with rates varying according to particular occupations. For instance, 50% of computer workers in the United States experience musculoskeletal arm pain. 5 In addition, arm pain results in high costs as 58% of patients use healthcare at least once per year: 81% consulted their general practitioner, 59% a medical specialist, and 54% a physical therapist. 6 Walker-Bone et al 7 found that pain experienced by workers is frequently perceived within the dominant arm and the neck. This study also revealed that being female and a blue-collar worker were independent risk factors for generalized arm pain. 7 Arm pain can be caused by many different conditions. Pain within the arm, neck or shoulder, which are not based on acute trauma or underlying systemic diseases, have been defined as "complaints of the arm, neck and/or shoulder region" (CANS). 1, 8 Simons et al 9 suggested that myofascial trigger points (TrPs) can play a relevant role in the genesis of musculoskeletal arm pain. TrPs are usually defined as hypersensitive spots in a taut band of a skeletal muscle that are painful on contraction, stretching, or stimulation, and give rise to a referred distant pain. 9 Active TrPs are the ones in which local and referred pain reproduced symptoms as reported by patients. Latent TrPs have the same clinical findings as active TrPs, but they do not cause pain. 9 Clinical distinction between active and latent TrPs is substantiated by biochemical findings because higher levels of chemical mediators, such as bradykinin, substance P, or serotonin, have been found in active TrPs as compared with latent TrPs and non-TrPs. 10 It has been demonstrated that active TrPs reproduced symptoms in patients with chronic tension-type headache, 11, 12 neck pain, 13 lateral epicondylalgia, 14 shoulder impingement, 15 and shoulder pain. 16 However, scientific evidence for nonspecific arm pain and TrPs in workers is scarce. To the best of the authors' knowledge, no studies have investigated the presence of referred pain elicited by active TrPs in blue-collar or white-collar workers. Therefore, the aims of the current study were: (1) to analyze the differences in the prevalence of active TrPs in head, neck, shoulder, and arm muscles between blue-collar (manual) and white-collar (office) workers; (2) to analyze if the referred pain pattern elicited by these TrPs reproduces the pain symptoms experienced by blue-collar and white-collar workers; and (3) to compare the referred pain patterns and size of the areas in relation to clinical features of pain in blue-collar and white-collar workers.
METHODS

Participants
Consecutive blue-collar or white-collar workers with pain in the upper quadrant were potential eligible participants. A blue-collar worker (manual) typically performs manual labor and earns an hourly wage. Blue-collar work may be skilled or unskilled, and may involve manufacturing, mining, building or construction trades, mechanical work, maintenance, repair, operations maintenance, or technical installations. A white-collar worker (office) performs nonmanual labor in an office. Blue-collar workers are distinguished from those in the service sector and from white-collar workers whose jobs are not considered manual labor. Participants should report symptoms within the upper quadrant (neck, shoulder, arm, forearm, or hand) not attributed to a specific medical diagnosis, for example, lateral epicondylalgia. Participants are examined by their medical doctor to exclude any specific medical condition.
Participants were excluded if they presented with any of the following: (1) history of surgery in the upper quadrant; (2) whiplash injury; (3) comorbid medical diagnosis that can influence pain development, that is, osteoarthritis, fibromyalgia, or, hypothyroidism; (4) previous diagnosis of fibromyalgia; (5) psychiatric illness (eg, schizophrenia or substance abuse); (6) medication usage (antidepressant, narcotics) other than as-needed analgesics; or (7) presence of a score >9 points in the Beck Depression Inventory (BDI)-II suggesting a state of depression.
The study protocol was approved by local Ethics Committee (URJC 10 to 35) and conducted after the Helsinki Declaration. Participants signed an informed consent before inclusion.
Muscle TrP Examination
Muscle TrPs were examined in 15 pairs of muscles: temporalis, masseter, upper trapezius, sternocleidomastoid, splenius capitis, oblique capitis inferior, levator scapulae, scalene, pectoralis major, deltoid, infraspinatus, extensor carpi radialis brevis, extensor carpi radialis longus, extensor digitorum communis, and supinator muscles. TrPs were examined by an assessor with >15 years' experience in TrPs diagnosis and were blinded to the participants' type of work. The order of TrP evaluation was randomized between participants. These muscles were selected based on clinical experience and findings from previous studies. [13] [14] [15] [16] TrP diagnosis was performed following the criteria described by Simons et al 9 :
(1) presence of a palpable taut band within a skeletal muscle; (2) presence of a hyperirritable spot in the taut band; (3) local twitch response elicited by the snapping palpation of the taut band (when possible); and (4) presence of referred pain in response to compression. TrPs were considered active when the local and referred pains evoked by compression reproduced clinical pain symptoms and also the participant recognized the pain as familiar, whereas TrPs were considered latent when the local and the referred pain elicited by digital compression did not reproduce symptoms familiar to the participant. 9 These criteria, when applied by an experienced assessor, have shown good interexaminer reliability (k) ranging from 0.84 to 0.88. 17 After TrP assessment in each muscle, participants were asked: "When I pressed this muscle, did you feel any pain or discomfort locally, and in other areas (referred pain). Please tell me whether the pain that you feel in the other area reproduced any symptom that you suffered from." Participants had to indicate whether the pain elicited by palpation reproduced their symptom (familiar pain) or another nonfamiliar pain. In the current study, only 1 TrP with referred pain was explored in each muscle examined.
Finally, participants were asked to draw the distribution of the referred pains on an anatomical map after each TrP palpation. Referred pain areas were digitized with a digitizer (ACECAD D9000, Taiwan) to calculate the size of the referred pain areas and to superimpose the spontaneous pain pattern and the referred pain areas.
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Self-reported Measures
Patients were asked to draw the distribution of their overall pain symptoms on an anatomical body map. The overall spontaneous pain symptom area was digitized with a digitizer (ACECAD D9000, Taiwan). An 11-point numerical rating scale (0: no pain; 10: maximum pain) was used to assess the current level of pain, worst, and lowest level of pain experienced in the preceding week. 20 Participants completed the BDI-II, a 21-item self-report questionnaire assessing affective, cognitive, and somatic symptoms of depression. 21 The BDI-II has shown good internal consistency (a = 0.90) and adequate divergent validity. 22 
Statistical Analysis
Data were analyzed with the SPSS statistical package (16.0 Version, SPSS Inc., Chicago, IL). Results are expressed as mean, SD, or 95% confidence interval. The Kolmogorov-Smirnov test was used to analyze the normal distribution of the variables (P>0.05). Quantitative data without a normal distribution (pain history and intensity of pain) were analyzed with nonparametric tests and those data with a normal distribution (total number of TrPs and number of latent/active TrPs) were analyzed with parametric tests. Differences in the number of muscle TrPs (total, active, latent TrPs) between both groups were assessed with the unpaired student t test. The w 2 test was used to analyze the differences in the distribution of muscle TrPs (active or latent) for each muscle within groups. The Spearman rho (r s ) test was used to analyze the association between the number of TrPs with clinical pain variables. A 3-way analysis of variance was used to compare the areas of the referred pain (arbitrary units) between sides and muscles as within-participant factors and group as the between-participant factor. The Bonferroni test was used for post hoc analyses. The statistical analysis was conducted at 95% confidence level. A P value <0.05 was considered statistically significant.
RESULTS
Demographic and Clinical Data of the Participants
Sixteen blue-collar worker, 6 men and 10 women (aged 37 to 52) and 19 white-collar workers, 6 men and 13 women (aged 36 to 55) were included. All white-collar workers were office workers, whereas 10 (62.5%) blue-collars worked on construction and the remaining 6 (38.5%) performed mechanical work. No significant differences for demographic and clinical data between groups were found. Table 1 summarizes demographic and clinical data of blue-collar and white-collar workers. The area of pain symptoms experienced by blue-collar and white-collar workers is illustrated in Figure 1 .
A significant positive linear correlation between mean intensity of current pain and the worst level of pain experienced in the preceding week (r s = 0.654; P = 0.006) was found within blue-collar, but not white-collar, workers; the higher the pain intensity, the higher the worst pain experienced in the preceding week.
TrPs in Blue-collar and White-collar Workers
The mean ± SD number of TrPs for each blue-collar worker was 16 ± 6 of which 6 ± 3 were active, and the remaining 10 ± 4 were latent TrPs. The mean ± SD number of TrPs for each white-collar worker was 17 ± 6 of which 6 ± 4 were active TrPs and the remaining 11 ± 5 were latent TrPs. No significant differences for the total number (t = 0.676; P = 0.503), the number of active (t = 0.448; P = 0.657), or the number of latent (t = 0.552; TrP indicates trigger points. Table 2 shows the distribution of TrPs in white-collar worker, whereas Table 3 details the distribution of TrPs in bluecollar workers. Active TrPs within the upper trapezius (63% white collar; 68% blue collar), infraspinatus (32% white collar; 44% blue collar), levator scapulae (32% white collar; 25% blue collar), and extensor carpi radialis brevis (21% white collar; 25% blue collar) muscles were the most prevalent in both groups.
Ferna´ndez-de-las-Pen˜as et al
TrPs Local and Referred Pain and Overall Spontaneous Pain Pattern
No differences in referred pain areas between active and latent TrPs were found in any muscle in either whitecollar or blue-collar workers; therefore, the mean of the referred pain area was considered for further analysis. A 3-way analysis of variance revealed significant differences in referred pain areas between muscles (F = 11.211, P<0.001), 4823.6 ± 2287.6 Supinator Dominant side (n = 13) 4042.8 ± 3437.7 Nondominant (n = 10) 4110.7 ± 3448.8
Referred pain areas (arbitrary units) are expressed as means (95% confidence interval).
TrP indicates trigger points.
but not between groups (F = 0.018, P = 0.894) or sides (F = 1.855; P = 0.174). No significant interactions between groupÂ muscle (F = 1.011, P = 0.451), groupÂside (F = 0.268, P = 0.605), sideÂ muscle (F = 0.685, P = 0.790), or groupÂ muscleÂside (F = 0.355, P = 0.986) were found. Bonferroni post hoc analyses revealed that the largest referred pain areas were those elicited by the pectoralis major, infraspinatus, upper trapezius, and scalene muscle (P<0.01); whereas the smallest referred pain areas were those elicited by the temporalis, masseter, and splenius capitis (P<0.05) muscles. Table 4 details the size of the referred pain areas in all the examined muscles in white-collar workers, whereas Table 5 summarizes the referred pain areas in bluecollar workers. No significant correlations between the intensity of the pain, the length of symptoms, and the size of the referred pain areas were found in either group (P>0.240).
The overall spontaneous pain pattern in white-collar and blue-collar workers is illustrated in Figure 1 . The local and referred pain areas from TrPs are illustrated in Figure 2 . The pain pattern induced from TrPs and the overall spontaneous pain pattern were extremely similar and symmetrically distributed throughout the upper quarter. In addition, as shown in Figure 2 , local and referred pain areas induced from TrPs in different muscles overlapped. As shown in Figures 1 and 2 , the combination of the referred pain patterns from active TrPs fully reproduced the overall spontaneous clinical pain area in white-collar or blue-collar workers.
DISCUSSION
The current study demonstrated that blue-collar and white-collar workers presented with multiple TrPs in head, neck, shoulder, and arm muscles from which referred pain reproduced their overall pain pattern. In fact, pain induced from active TrPs and the overall spontaneous pain pattern was similar in pain quality and overall pain area in bluecollar and white-collar workers. When active TrPs were explored, workers reported "Yes, this is the pain that I feel during pain attacks." The number of active and latent TrPs and the distribution between muscles was not significantly different between blue-collar and white-collar workers. These results suggest that pain symptoms in the upper quadrant, not related to a specific underlying medical condition, in blue-collar and white-collar workers may be a summation of multiple regional pains due to TrPs.
Active TrPs in the upper trapezius, infraspinatus, levator scapulae, and extensor carpi radialis brevis muscles were the most prevalent in our sample of blue-collar and white-collar workers. In addition, referred pain areas elicited by TrPs in the pectoralis major, infraspinatus, upper trapezius, and scalene muscles were the largest. This may be expected as patients mostly reported pain in the neck, shoulder and forearm areas, places were these TrPs referred pain. In fact, active TrPs in the same musculature have also been found in patients with mechanical neck pain, 13 lateral epicondylalgia, 14 shoulder impingement, 15 and shoulder pain 16 diagnosis. Hidalgo-Lozano et al 15 reported that the muscles most affected by active TrPs were the supraspinatus, infraspinatus, and subscapularis in individuals with shoulder impingement, whereas Bron et al 16 found the infraspinatus, upper trapezius, and deltoid muscles most affected. In the current study, we showed that the upper trapezius and infraspinatus muscles were the most affected, which agree with these two previous studies. It should be considered that blue-collar and white-collar workers included in our study did not fulfill the medical criteria for the diagnosis of specific medical condition, for example, lateral epicondylalgia. Therefore patients included in the study can be classified as having CANS. 1, 8 In addition to active TrP, several latent TrPs were also found in both blue-collar and white-collar workers. There is an increasing body of knowledge demonstrating the clinical and neuro-physiological relevance of latent TrPs. Ge et al 23 found pressure pain hypersensitivity at latent TrPs as compared with non-TrP areas, suggesting nociceptive activity at latent TrP. Li et al 24 demonstrated the presence of nociceptive (hyperalgesia) and non-nociceptive (allodynia) pain sensitivity at latent TrPs. More recent studies reported that nociceptive stimulation of latent TrP induces attenuated skin blood flow response 25 and induce central sensitization mechanisms in healthy participants. 26 As latent TrPs may become active under the influence of several factors, for example, muscle overload, its presence may be potentially implicated in the development of pain symptoms, although longitudinal studies are needed to confirm this hypothesis.
An interesting result of this study was that blue-collar and white-collar workers exhibited a similar number and distribution of active and latent TrPs. In addition, the referred pain areas from TrPs were not significantly different between groups. Current results were unexpected as we hypothesized that different types of work demands may be related to activation of TrPs in different muscles. Macfarlane et al 27 found that mechanical load, repetitive work, and abnormal working postures are associated with development of arm pain symptoms. Further, evidence suggests that neck pain is associated with sustained and abnormal posture, for example prolonged sitting with the neck or trunk held in flexion or rotation or a combination of both. 28 Our results suggest that both manual and office workers overuse the same shoulder muscles and have the same referred pain patterns even though their work is different.
The results from the current study have potential clinical implications. As TrPs represent a nociceptive source, management of nonspecific CANS should focus first on inactivating active TrPs and then eliminate risk factors to create the conditions to allow overloaded structures the opportunity to recover from the overload situation. Interventions such as taking microbreaks during working time, increasing muscle awareness, stress management may have a preventive and corrective influence on the development or inactivation of TrPs. Clinicians should be aware of the possible presence of TrPs in blue-collar and white-collar workers.
We should recognize that this was an observational study. Therefore future longitudinal studies are needed to further confirm the relevance of TrP referred pain in the evolution of symptoms in blue-collar and white-collar workers. Second, the main purpose of the study was to reproduce the overall pain pattern of each individual; if stimulation of 1 active TrP in a muscle can reproduce patient's pain pattern, no further TrP examination was allowed in that muscle. It is possible that some muscles present with multiple TrPs at the same time. Finally, the results from the current study should be considered with caution at this stage since the sample size was small. It would be necessary to repeat the same procedure with greater sample sizes to further confirm these assumptions.
CONCLUSIONS
We found that blue-collar and white-collar workers present multiple TrPs in head, neck, shoulder, and arm muscles from which referred pain reproduce the overall pain pattern. The number of TrPs and the distribution between muscles was not significantly different between blue-collar and white-collar workers. These results suggest that pain symptoms in the upper quadrant, not related to a specific underlying medical condition, in blue-collar and white-collar workers may be a summation of multiple regional pains due to TrPs. Clinicians should be aware of the potential presence of muscle TrPs in blue-collar and white-collar workers.
